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Livingston and Accelerators at the Energy Frontier
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Livingston and Accelerators at the Energy Frontier

Why this saturation? e
1. Conventional accelerators have /_

reached hard physical limits. —

2. Energy is extended by scaling or
modestly extending proven
accelerator technology. As a
consequence, length and
project cost also scale with

energy.
2000 2020 2040

3. Ever bigger projects require more 2ar

time to bring.
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Livingston and Accelerators at the Energy Frontier
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Livingston and Accelerators at the Energy Frontier

ILC project for the 2020°s/2030’s. .. ""°9®
FCC project for the 2030’s/2040’s. ' it Jrce
/ Conceptual Desigjv started
1. Timelines reflect the size, complexity and ! —
cost of projects (scaling effects). m ILC
I Technical Design exists
2. These projects will be very mature and  Waiting funding decision 1
their performances cannot easily be matched :
by novel accelerator technologies. '
3. However, it is possible that the required
funding for ILC or FCC cannot be obtained.
4. In this case it will be crucial to haveaplanB . . . . . . = = . . . ]
HEP accelerator project in the 2030’s. 2000 2020 2040
a. This project will likely be less performant
than ILC. ar
b. This project should also be much
smaller and much lower cost.
ator R&D HEPAP Subpanel | 29.8.2014 | Page 6



Livingston and Accelerators at the Energy Frontier
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Livingston and Accelerators at the Energy Frontier
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Livingston and Accelerators at the Energy Frontier

Advent of plasma acc.:

1.

Metallic cavity walls replaced with
plasma walls - overcoming hard
physical limits of metallic RF structures.

. Acceleration lengths (same energy) are
factor 100 — 1000 shorter. Multi-GeV e-
beams proven.

3. Still short-comings but no fundamental

limit.

Financial effort in HEP at or below 1% of
total. More resources will lead to
faster progress.

' Future goals
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Livingston and Accelerators at the Energy Frontier
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Livingston and Accelerators at the Energy Frontier
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Livingston and Accelerators at the Energy Frontier
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Reminder: Plasma-Acceleration (Internal Injection)

Laser Pulse (200TW, ~30fs,E. ~ TV/m)
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Reminder: Plasma-Acceleration (Internal Injection)

Trapped electron beam

..
o
-
\J . ‘.‘.:...
. Sl ety
oaer L oote 8
.':‘0.05 .o
32
.s

.0

.o

]

k an e

)

' “re

Bubble (€, ~ 100 Gv/m)

Laser Pulse (E. ~ TV/m)

transv

0‘-0“:':‘“{:‘:?..‘:.. '00‘...?.?:;. ’:.g:.?t- Ou ’:3.?!5;}:‘3’... .5:‘-.
. . . .. UL A
O ':°.\.0 :' .;';...:I. :..Qf:'t':; :0::;’.?.'::0.:.:’. '
. . .
R E S B S T PO Al al
I L A 0\..0.0 .:.00:.5..:..0.
IR K SRR oo b e oy
L) :.o':.:,.:. .:.. z‘i :....o :“ k. AN S’ ;;.oo. .0 .:.
M . 0.0"0‘.030.0. .:‘.o.o: e ;o'."'.::;oO:.".
y :. \.:..\ ..' ", : .:0.0‘.00:\::{ f:’.‘.‘:..'.:o..\ * LT :..?.::. c‘.:'o:'.:.
- . . Al . ey e, e, -~
S I N I I I S R S WS RS SR 3

Plasma electrons
(plasma cell, ~10" cm?)

Ralph ABmann | Accelerator R&D HEPAP Subpanel | 29.8.2014 | Page 17



Reminder: Plasma-Acceleration (Internal Injection)

Bubble (€, ~ 100 Gv/m)

Trapped electron beam

Laser Pulse (E. ~ TV/m)
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Reminder: Plasma-Acceleration (Internal Injection)

Bubble( ¢ This proved highly
Trapped electron beam successful with electron
e nansan e bunches of up to 4.25 GeV
Siononan e produced over a few cm.

f
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« Small dimensions involved
- few micron tolerances!

~35 um
(120fs)

« Highly compact but also
highly complex
accelerator: generation,
bunching, focusing,
acceleration, (wiggling) all in
one small volume.

* Energy spread and stability
at the few % level.
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Accelerator Builder’s Challenge (simplified to typical values)

> Match into and out of plasma with beam size around 1 um
(about 1 mm beta function).

> Control offsets between the wakefield driver (laser or
beam) and the accelerated electron bunch at 1 um level.

> Use short bunches (few fs) to minimize energy spread.

> Achieve synchronization stability of few fs from injected
electron bunch to wakefield (energy stability and spread).

> Control the charge and beam loading to compensate
energy spread (idea Simon van der Meer).

> Develop and demonstrate user readiness of a 5 GeV
plasma accelerated beam.
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Accelerator Builder’s Challenge — Feasible?

> Difficult but we believe solutions can be found. Will not come for free...

400
350 | Dec 2010 50 ith
: nm with a
§A 300 @
ET el iE 1.3 GeV
=S z &
5 200} = | electron beam
@ : = Feb-Jun 2012 :
58 150} = ® | (from K. Kubo et al.
<] L ]
S8 oo f & Mar2013 i Proc. IPAC 2014)
3 5 o Dec 20120 o Apr2014
50 | £ &g '
: ﬂ! May 2014
(| I L ]
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Accelerator Builder’s Challenge — Feasible?

> Difficult but we believe solutions can be found. Will not come for free...

A | | |

_,75 \\ 1 —— out-of-loop timing drift [fs]
wn
=60
5 \
245
£ N\
230 A
o
o \
515 1
= 3.6 fs 2
=2
© o \M‘ » l
W
0 10 20 0 . 40 50 60 70
time [h]

Femtosecond Precision in Laser-to-RF Phase Detection

(from H. Schlarb, T. Lamb, E. Janas et al. Report on DESY Highlights 2013).

> Again: No fundamental limit here, but strong technical challenges!
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> Accelerators at the Energy Frontier
> Accelerator Builder’'s Challenge

>EuPRAXIA - Proposal for a European Plasma
Accelerator for Users

> Helmholtz ARD Program

> Conclusions
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European Network

@Dz Status in Europe E“M\{NAC

N\

for Novel Accelerators

Quite a number of national investments in the EU
member states at the 10 — 50 M€ level.

Europe is very competitive: excellent lasers, large expertise, big
teams with many young students/researchers, new ideas from
Europe have leading influence.

E.g. invention of “bubble regime” in Europe:

Pukhov, Alexancer, and Jurgen Meyer-ter-Vehn.
"Laser wake field acceleration: the highly non-linear - -
broken-wave regime." Applied Physics B 74.4-5 736 citations
(2002): 355-361.

R. Assmann, EuroNNAc @ ICAN, 4/2014
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CILEX Project, Plateau de Saclay, France

> The big French project. A4 wmaeomicsran M Yomo LB
o Las-~ AmArtess arns s are 4 oow Ao 2 A\
min oo R 2
= § PW laser » az...-
> 450

= and LWFA
area

LUND Laser Center, Sweden

> Well established lab, since 1992.

> Lase

> High

< stability

= B

o LWFA

Electrons

> Salle Jaune Laser: 70 TW, repetition oratoire d'optique appl
rate 10 Hz, pulse duration of 30 fs L

Victor Malka [}
Researcher at CNRS and Lecturer

> Goals:

= Exploration of new laser plasma accelerator
lLinmrintn far thn mradiibian f Alasbean

. LWFA for
g FEL

An excellence grant for LOA.

Victor Maka. 2 CNRS feseartner and Iecturer In e pysics
depariment at X, works 2t ENSTA, 11 & team Ihat he setup in 2001 10

European

YC | Research sudy laser-plasma particle acceleraton 11 July 2008, he was
a Couicy anerded a grant by he European Researsh Counci of 22 million
! ouncil

euros, The grant was awarded in two categories: juior and senor. It
wes in the second catgory that ho wes rewarded for his many
soientiic works and for s abily 1 croato new fiolds of resoarch.

: \ ( DESY
A\ o, 1 Astmann | UK Pisia Acc. Worlshop | 3112014 Page 18\ @8,

Project,

> Builds on expertise at MPQ and LMU.

> Successful in laser-driven generation of electron beams.
See example with MPQ lasers.

> Ongoing: 63 M€ investment.
Financed bv State Ravaria |4
and from gas cell: 600 MeV, 200 pC:

> g&l LW F A f o r X experiments into water window
science
(FEL, ...)

Ralph ASmann | UK Plasma Acc. Workshop | 31.1.2014 | Page 26 Jo
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SPARC LAB, Frascati, Italy

> Electron beam: 150 MeV, multi-bunch, bunch
length below 300 fs, 200 pC, 1 um norm.
emittance

> FLAME laser: Ti:Sa, chirped pulse amplification
(CPA), 200 TW, 25 fs long, 10 Hz repetition
rate

-s» Comb beam >

Incu
plas

= high efficiency

of la

> Comb project is unique:
resonant beam driven

plasma wakefields. I

( DESY
Ralph ABmann | UK Piasma Acc. Workshop | 31.1.2014 | Page 21 /.\

ELI Beamlines, Czech republic

> Laser: 10-15 fs duration, up to 10 PW.
End stage: a few kJ in 15 fs (~200 PW)
with low repetition rate (minute based).
> Might b
e 10 — 200 PW
display
tools fo
«ns |laser, also for
> Laser-¢ -
=2 LWFA (finall
unprect I n a y
100 Ge
ere 100 GeV?) L
quality beamlines
cancer w.viupy-

[ =

(55 )
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e

COXINEL Project at SOLEIL, France

> COXINEL: COherent Xray source INferred from
Electrons accelerated by Laser.

> Leader: Marie-Emmanuelle Couprie, SOLEIL

"% FELR&D ...

is | mpllﬁcatlon

= for LWFA

ntense light European
Research
Council
= COXINEL benefits from a very favorable environment al SOLEIL
and more widely on the Paris-Saclay campus, p
terms of engineering, to turn the ideas and theories that physncnsts
have devised into reality.
> Closely connected to project X-5 in LOA.
(a®2
DESY
Ralph ARmann | UK Pasma Acc. Workshop | 31.1.2014 | Page 19 ‘O

ICAN Project

[ ()" Pme®

Coherent

Amplification

ICAN for high
i efficiency = 7

compressed ate of
-10kHz (7).

The future is fibre accelerators

Gerard Mourou, BillBrocKlesby, Toshiki Tajima and Jens Limpert
thousands of

o s ey O

( DESY )
Ra Al | Ui s s 31125041 P20 \J @B/

AWAKE experiment, CERN

> International collaboration with approved
experiment at CERN beam.

> Driver: 450 GeV proton bunch, 1e11, 3.5um

emittance, bunch length >> plasma
Wasinlanaih

> Mc

. Proton-
driven PWFA

1) Protons at focusmg reglons survive.
2) Protons at defocusing regions get
lost.

= Surviving microbunches induce wake-
fields.

= Accelerate injected electrons from
several 10 MeV to GeV.
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plasma wakefields with shaped beams and
innovative injection methods.
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modulation %' e

The LIGHT test-stand at GSI: coupling of laser- s x_!_ n -
accelerated ions into conventional accelerabrsg )
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- 1. Laser-driven ion acceleration
* 2 haam eanditinnina (collimation)

. lon plasma acc.

»-space rotation

+ Current|
- initial
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* ARD test facility
Extension of 0 MeV

Relevant laser developments (repetition rate and
temporal contrast)

" andtransport =
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external inj.
Waftfto-s radiatiﬂ1 sources
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Cockcroft Institute: Universities of Lancaster, Liverpool and Manchester,

the Scienct esbury
wwon  FEL, industrial "
axae  applications, ™’
Training. PWFA ._mta‘

plasma
wakefield

50

Q Development a

pumped high-p i a i n ey
Q World record | ' I I N
pulses from C g g iion of novel
POLARIS
O ASE contrast , & v nd 1-pm resolution,
<2x10-1% £ " 1 visualization of the laser-driven

wave in a laser-electron
accelerator.
M. Schwab et al., Applied Phys. Lett (2013)
, A. Sévert ef al., submitted (2013)

A. Kessler et al.,

Opt. Lett. accepted (2014)
S. Kepplet et al.,
submitted (2014)

Helmholtz-Institute Jena

Dual bea s a P P - ,
s Two 1 PW laser, \" l
“n« jon/p plasma acc., y

R&D

+~ radiation therapy

Ui N

Penelope giode pumped PW

#) j0LICH

Jiilich Short-Pulse Particle and Radiation Centre

(TTEY,
LWFA, polarized
particles

J‘\* i 4
oo
=

o
)L

bn. radiation

Material research

STFC Central Laser Facility used
also for LWFA.

John A~
College
Royal b
London

LWFA, medical
r=m:  jmaging, training

Training of accelerator specialists, also in advanced methods.

R. Walczak 0.

SCAPA = Scottish Centre for the Application of Plasma-

based Accelerators

LWFA for aeneration of particle beams (electrons. orotons.

LWFA for radiation

E
" sources

A

Dedicated to the Production and Application of
Ultra-short Electron Bunches and Radiation
Pulses.

-

D. Jaroszynski

8. Hidding. ZM. Sheng



EU Funded
Network on
Novel
Accelerators

1st European
Advanced
Accelerator
Workshop
EAAC2013

EINDHOVEN University of Technology University Diisseldorf
LMU University Munich
DESY
GSI
Max-Planck-Institute for Quantum Optics
Max-Planck-Institute for Physics
Helmholtz Institute Jena
Helmholtz-Zentrum Dresden-Rossendorf
University Hamburg

University of Oxford
University of Strathclyde
Manchester University
Lancaster University
Cockcroft Institute

STFC Daresbury Laboratory
John Adams Institute
ASTeC

STFC Central Laser Facility
Liverpool University
University College London
Imperial College

Lund University

Budker INP
Institute of Applied Physics RAS

Instituto Superior
Tecnico de Lisboa

LuLI L/ /

Egge ||>I /= ‘,’.--iE'
LOA -q’ .
IRAMIS/CEA

Laboratoire Leprince-Ringuet
(Ecole polytechnique - CNRS/IN2P3)

LAL

Extreme Light Infrastructures (ELI)

INFN-LNF

Pisa University and INFN
European Organization for Consiglio Nazionale Delle Ricerche, INO
Nuclear Research (CERN) University of Rome LA SAPIENZA

PSI

EuroNNACc

European Network for Novel Accelerators

Fermilab
SLAC
UCLA

KEK LBNL
BNL

Inst. of Physics, Chinese Academy of Sciences
Tsinghua University, Beijing
Shanghai Jiao Tong University




The EuPRAXIA Project Proposal

Proposal for a H2020 Design Study “European Plasma

Research Accelerator with eXcellence In Applications”
(EuPRAXIA)

Collaborative Project

Identi
synergies

n of well-being. In medicine the term Eupraxia
rm coordinated movements.

Build European
bridges \ facility
European Network for Novel Accelerators
ULTRA-FAST ACCELERATOR
SCIENCE SCIENCE
roadmaf R&D HEPAP Subpanel | 29.8.2014 | Page 30
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EuPRAXIA - Connected Labs and Institutes

List of participants: Associated partner organisation name Short Country
Participant Participant organisation name Short Country name
no. name Jiaotong-Universitat Shanghai JUS China
1 (Coordina- Stiftung Deutsches Elektronen Synchrotron DESY Germany - - - -
tor) Tsingua University Beijing TUB China
2 Istituto Nazionale di Fisica Nucleare INFN Italy Extreme Light Infrastructures - Beams ELI-B Czech Rept
3 Consiglio Nazionale delle Ricerche CNR Ttaly Lille University PHIAM France
4 Centre National de la Recherche Scientifique CNRS France
_ _ Helmholtz Institute Jena HIJ Germany
5 University of Strathclyde USTRAH UK
3 Tnsfituto Superior Técnico IST Portugal Helmholtz-Zentrum Dresden-Rossendorf HZDR Germany
7 Science & Technology Facilities Council STEC UK Ludwig-Maximillians-Universitdt Miinchen LMU Germany
8 Synchrotron SOLEIL — French National Syn- SOLEIL France Wigner Research Center of the Hungarian Academy | WIGNER Hungary
chrf)troq - - of Science
? University of Manchester UK European Organization for Nuclear Research CERN IEIO"
10 University of Liverpool ULIV UK
. i . High Energy Accelerator Research Organization KEK Japan
11 Agenzia nazionale per le nuove tecnologie, ENEA Ttaly
I’energia e lo sviluppo economico sostenible Kansai Photon Science Institute, Japan Atomic KPSI-JAEA | Japan
12 Commissariat a I'Energie Atomique et aux CEA France Energy Agency
énergies alternatives ” s -
13 Sapienza Universita di Roma UROM Ttaly Osaka University ou Japan
14 Universitit Hansestadt Hamburg UHH Germany RIKEN SPring-8 Center RSC Japan
15 University of Oxford UOXF UK Lund University LU Sweden
16 Imperial College London ICL UK Center for Accelerator Science and Education at CASE USA
Stony Brook U & BNL
L. . Lawrence Berkeley National Laboratory LBNL USA
1 6 benefICIaI"IeS from 5 EU member States SLAC National Accelerator Laboratory SLAC USA
University of California, Los Angeles UCLA USA

plus 18 associated partners
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EuPRAXIA — Support

European Steering Group for
Accelerator R&D, 2014

EuPRAXIA

Producing high acceleration gradients is a critical issue for particle accelerators, as
highlighted by the European Strategy for Particle Physics. The feasibility of large
acceleration gradient (up to 100 GV/m) within exited plasma channels is demonstrated since
several decades. More recently, it has been shown that appropriate beam properties (low
emittance and beam energy dispersion as well as acceptable bunch charge) can be obtained.
Europe is at the forefront of this research. Based on these achievements, the realization of
accelerators with appropriate beam characteristics for user-communities is now credible and
highly desirable.

The vast majority of accelerators operating in the world are relatively low energy (<~10 GeV)
facilities including light sources, medical and industrial applications. However these
infrastructures remain complex to develop and operate and necessitate relatively large
| footprints.

The EuPRAXIA proposal aims at establishing the design of a 1 to 5 GeV electron accelerator
with pilot applications for the Free Electron Laser user community as well as the community
developing state-of-the-art particle detectors.

The proposal is technically strong and federates the major European competences and
institutes required to accomplish the needed tasks.

“... the realization of accelerators with
appropriate beam characteristics for
user-communities is now credible and
highly desirable.”

competition from CERN FCC and

ESS neutrino upgrade DS proposals raien4

THALES

THALES OPTRONIQUE

2 avenue Gay-Lussac - CS 90502
78995 Elancourt Cedex

France

Tél.: 433 (0)1 30 6 70 00

R 158 (0015098 78 00 To whom it may concern

Ay
W e owticm MW7
Date: 05/08/2014
Réf. /TOSA/DSL/05/08/2014
Objet /
Subject: EuPRAXIA
Madame, Sir,

We have been informed by Mr Frangois MATHIEU, Project Manager of APOLLON program at CNRS,
about the EUPRAXIA proposal of Design Study for a Large Research Infrastructure based on laser-
plasma acceleration.

Thales Optronique is recognized as leader of Intense Laser System for particles acceleration. In 2012,
Thales Optronique has successfully installed at Berkeley the first commercial PetaWatt laser System
for the BELLA project of US Department of Energy which is using the same physics concepts. In 2013,
Thales Optronique installed a second PetaWatt laser system in Bucharest (Romania).

Thales is also involved in other large projects aiming to introduce the laser technology in the world of
accelerators as it has been the case for a system now running at DESY in Germany and for another
system in construction to be installed in Japan on the SACLA infrastructure involving a large free-
electrons laser.

All these new projects exploit the specific advantages provided by the technology of laser-plasma
acceleration and in particular the compactness inherent to the concept.

Therefore it is expected by the whole community of accelerators that these new machines will have
also much better capabilities to developp societal applications like in medicine for cancer therapy and
in industry for high resolution non-destructive inspection with X-rays or Gamma rays.

Therefore Thales Optronique is highly supportive of EUPRAXIA proposal for allowing European Union
to be at the peak of this science and of related industry.

Sincerely yours,

Sout

Denis LEVAILLANT
Director of Laser Business Unit




Ansatz: Required Intermediate Step to Plasma LC

Today HEP collider, e.g. ILC,
60-100 km FCC, Higgs

HEP collider, e.g. /' factory, ...

27 km LHC
2020’s
Plasma Linear Coll.
3000 -5000 m
Conventional 5 GeV Ultra-fast science, CW, ... /
>
FEL: 500 — 1000 m
EuPRAXIA 5 GeV FEL 2030’s

& HEP user facility

— o UL ~ Ultra-Compact FEL

10-100 m

Ultra-Compact e-
medical accelerator

T

Multi GeV e- bunches
in plasma acc. (30 m)




Schematic Layout EUPRAXIA Research Infrastructure

Present Laser
Pump Laser(s) Plasma Acce-
Laser Transport lerators

Up to 4.25 GeV
electron beams

Beam
Diagnostics

Plasma
Accelerator
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Schematic Layout EUPRAXIA Research Infrastructure

Y

Pump Laser(s)
Laser Transport

Laser
Injector

N\

EuPRAXIA

Research
Infrastructure
HEP
Beam Widening User 0m
Momentum Cut | e
Collimation .‘

Diagnostics

20m
Y
In-Matching Out-Matching Undulator Section
RF Photogun Diagnostics Diagnostics Photon Pulse Generation FEL
) User
Booster Linac or Plasma Area
Drive Beam Linac Accelerator(s)

UEDY
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Schematic Layout EUPRAXIA Research Infrastructure

EUPRAXIA

Pump Laser(s)

Laser Transport Research
Infrastructure
Laser HEP
' Injector Beath Widening User 50m
Momentum Cut Area |- —
C@lllimation ) .‘

Dmgnostics

In-Matching Out-Matchirg Undulator Section

RF Photogun

Diagnostics Diagnostics Photon Pulse Generation FEL

) User

Booster Linac or Plasma Area
Drive Beam Linac Accelerator(s)

UEoY
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Schematic Layout EUPRAXIA Research Infrastructure

PLASMA ACCELERATOR

Pump Laser(s)
Laser Transport

EuPRAXIA

Research
Infrastructure

HEP USER AREA

Laser
) Injector

HEP

Beath Widening User
Momentum Cut Area
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Dmgnostics

>0m
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) User
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UEoY
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Schematic Layout EUPRAXIA Research Infrastructure

PLASMA ACCELERATOR

EuPRAXIA
Lzl;renrgr;ansfggr)t HEP USER AREA Research
Infrastructure
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) Injector

Beafh Widening
Mofentum Cut
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Dmgnostics

50m

A
. 2

Undulator Section
Photon Pulse Generation FEL

In-Matching
Diagnostics

RF Photogun Out-Matchi ¥

User

FEL / RADIATION SOURCE#a
USER AREA

Booster Linac or Plasma
Drive Beam Linac Accelerator(s)
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EuPRAXIA Research Infrastructure Goal Parameters

Beam Parameter Unit Value
Particle type - Electrons
Energy GeV 1-5
Charge per bunch pC 1-50
Repetition rate Hz 10
Bunch duration fs 0.01-10
Peak current kA 1-100
Energy spread % 0.1-5
Norm. emittance mm 0.01-1
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Envisaged Implementation

> Goal is to design one operational facility at one
location.

=~ Resources will be distributed to all partners:

= Model of big particle physics detector: Many institutes team up to build
one detector at one place, each contributing a part.

> Site study with the goal to propose the best site:

= Existing infrastructure, host lab support, scientific user community,
support from funding agency, ...

> Facility will be devoted to provide for pilot users:

= Ultra-compact X-ray FEL

= Ultra-compact GeV electron source for HEP detector development
Ralph ABmann | Accelerator R&D HEPAP Subpanel | 29.8.2014 | Page 40



Timelines

' Future goals

o1 . . . S .
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Timelines

' Future goals
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> Accelerators at the Energy Frontier
> Accelerator Builder’'s Challenge

>EUPRAXIA - Proposal for a European Plasma
Accelerator for Users

>Helmholtz ARD Program

> Conclusions
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Research field Matter in the Helmholtz Association

s sss Helmholtz-Zentrum GEOMAR Helmholtz Cenire
:s:: Geesthacht or Ocean Research Kie

Centre for Materials and Coastal Research

()

Alfred Wegener Insfitute for Deuisches Elekironen
Palar and Marine Research Synchrotron (DESY)
(AWI) ,

.

4

s o~ . amburg and Zeuthen

® HZB Helmholtz

oo X (
’ Helmholz Centre for Infection .
J J U L I C H Research Helmholtz-Zentrum Zentrum Berlin

Helmholiz Centre Potsdam - Sy ==
GFZ German Research Ssg'gnfg: h:ealenallen
Centre for Geosciences g

X Max Delbriick Center for

Molecular Medicine (MDC)
Helmholiz-Zentrum Geesthacht Berlin-Buch
Centre for Materials and Coastal
Research (HZG) g

FORSCHUNGSZENTRUM

Forschungszentrum Julich Il

Helmholtz Centre for
Environmental
Research

‘ German Aerospace Center
(DLR)

()]
Helmholiz-Zentrum

German Center for Dresden Rossendorf

Neurodegenerative (HZDR) - -—DR
=) HZ

GSI Helmholtz Centre for

) ! F.{eavy Ion' Research ﬁ HELMHOLTZ
+ HelthItZ InStltuteS ((S)eemlan Cancer Research ¥ | ZENTRUM DRESDEN
Jena and Mainz = o
Kartsruhe nstut o Plasma Prysics (PP) since 2011
(")
L
&(IT FEerirum Mincher- (Total Helmholtz: 18 centers,
Kadkries i e T e 6 research fields, ~3B€ yearly

budget)
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Research Field Matter: new programme structure

From Matter to
Materials and Life

Matter and
the Universe

Matter and
Technologies

Fundamental
Particles and Forces

Cosmic Matter
in the Laboratory

In-House Research on the
Structure, Dynamics and
Function of Matter at
Large Scale Faciltities

\fie{rchand Development

Accelerator

Matter and Radiation
from the Universe

Facility Topic:
Research on Matter with
Brilliant Light Sources

Detector
Technologies and Systems

LK I

.performance category Il
= user operation of large
scale facilities

Facility Topic:
Neutrons for Research
on Condensed Matter

Facility Topic:
Physics and Materials
Science with lon Beams

Facility Topic:
Research at Highest
Electromagnetic Fields

Evaluation for the
programme oriented
funding 2015 - 19 in

the research field
Matter was recently

completed
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Accelerator R&D Progamme

O souon €2 - HZB,... HZDR SKIT  RRERCRENon Prese

ARD team at the rehearsal for the
PoF3-evaluation (HZDR, 25Feb 2014) - Evaluation of Research Programme MT

7 with topics ARD and DTS

— __— MW e - 26-28 March, 2014

Whole program and ARD in particular
received excellent comments in oral
close-out from evaluation committee

Strategy with good balance between
activities aiming at shorter term, direct
impact on research infrastructures and
more generic, visionary ones was
especially praised

Forschungszentrum Jiilich

GSI Helmholtzzentrum fur Schwerionenforschung
Helmholtz-Zentrum Berlin fur Materialien und Energie
Helmholtz-Zentrum Dresden-Rossendorf

Karlsruher Institut fir Technologie

Centres:

Programme
Speaker: Ties Behnke (DESY)
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Past and future resources in accelerator R&D

(vearly increase from 2016 still to be decided)

FTEs in Acc R&D Activities at ARD FTEs at Helmholtz centers
160.0 200
Helmholtz centers
140.0
120.0

100.0

Ly

3rd party funding
20.0 = _ = 100 -

Baseline funditrg M baseline funding
60.0
40.0 >0 -
20.0

0.0 . . I P T T T T

2010 2011 2012 2013 2015 2016 2017 2018 2019

D

3rd party funding at partner
Universities

350
4000.0 30000 - mKIT
- |
3000.0 25000 HZDR
Q 20000 - WHzB
H ]
2000.0 3rd party T 15000 - B GSI (HIM+H1))
funding at
HFZ)
1000.0 partner 10000 -
Universities W DESY
5000 -
0.0 L T T T
2010 2011 2012 2013 0 T T T T

2015 2016 2017 2018 2019

00ARD full cost at Helmholtz centers

kEURO
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ARD structure and coordination

Topic 1: Accelerator Research and Development ARD

Speaker: R. Brinkmann/DESY, co-speaker: A. Jankowiak/HZB
. y

(STI: SRF science and R ( ST2: concepts & R ( ST3: ps —fs electron R ( ST4: Novel R
technology techn. for hadron acc. and photon beams acceleration concepts
Coordination: Coordination: Coordination: Coordination:
J. Knobloch/HZB, A. Lehrach/FZ), H. Schlarb/DESY, U. Schramm/HZDR,
P. Michel/HZDR P. Spiller/GSI A.-S. Miller/KIT F. Griiner/U-Hamburg

J\

Networking, workshops, joint projects and usage of infrastructure, transfer of new
technologies between centers

\
J

Cooperation with German universities, international partners and industry

Cost per sub-topics

M ST1-SRF tech

B ST2-hadron acc

1 ST3-ps/fs beams
6%
M ST4-novel acc

Coordination: Reinhard Brinkmann
Deputy: Andreas Jankowiak
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Ultrakurzer rery J
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R. Assmann, DESY
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Jiilich Short-Pulse Particle and Radiation Centre

Particle physics

Synchrotron, radiation

Material research
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M. Biischer, FZJ

The LIGHT test-stand at GSI: coupling of laser-
' ‘acceloratod ions into conventional accelerators

+ F of | '

- 1. Laser-driven ion acceleration
* 2. beam conditioning (collimation)
+ 3. driftline and phase-space rotation

+ Current results:

goof of principle done
s duration (high peak current)

: diagnostics done
tinues in POF Il

to GSl's SIS accelerator
nts (repetition rate and

V. Bagnoud, GSI

FLUTE: ARD-Forschung am KIT

B Ultrakurze Elektronenpulse (1 fs bis 300 fs)
B Grosser Bereich an Ladungen (1 pC bis 3 nC)

B Kohérente Strahlung fiir Materialwissenschaften und biologische
Anwendungen

B Entwicklung/Tests von Kurzpuls-Strahldiagnose und Instrumentierung
B Kooperation KIT, PSI, DESY

A

e it oy

It

wA:Se-Miller, KIT—2

bERLinPro centre for high power cw beams in

bERLInPro = Berlin Energy Recovery Linac Project s
100 mA / low hnology d W bERLinPro
beam dump
6.5 MV, 100 mA = 650 kW b
\ N R
LN linag module - -
e eV o v

———
FEEES SRR S PP

merger
dogleg

50MeV, 100mA, 2ps (5 MW of virtual beam power)
50MeV, 10mA, <100fs (500kw of virtual beam power)
both modes normalized emittance < 1mm mrad

“A. Jankoviak, HZB

ELBE center for high power radiation sources

L&

*

Dual beam Petawatt / 150 TW ultrashort pulse laser facility
Diode pumped P: t laser development

Synchronized operation with ELBE accelerator

Dedicated shielded target areas (~1000m? laser lab space)

Beam driven sources (THz, FEL, ...) at ELBE )

I

1 of diode-
ser systems
if broad-band
r 166 J @

200 1% 100 0 o 50
relative z -position (um)

Q Development and application of novel
plasma diagnostics:

Q few-fs and 1-pm resolution,

Q first direct visualization of the laser-driven
plasma wave in a laser-electron
accelerator.

M. Schwab et al., Applied Phys. Lett (2013)

A. Sévert ef al., submitted (2013)

M. Kaluza, HIJ



Proposal: Helmholtz Distributed ARD Test Facility - Germany

> Theme 1: Collaboration

Networking of existing research
infrastructure.

> Theme 2: Synergy

Extension of facilities for common usage.

> Thema 3: Leadership

2 flagship projects for

Internationally leading
research with the aim of

M. Biischer (HZJ) A, Jankowiak (4Z8), ultra-compact

M. Kaluza (HIJ), A.-S. Miiller (KIT), accelerators and radiation

U. Schramm (RZDR) sources (plasma accele-

ration major player).
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Conclusions — General

> Conventional accelerators are masterpieces of
technology, operating close to physical hard limits.

> New projects (plan A) scale/extend existing technology
- excellent performance but larger size and cost.

> Many of us believe that a plan B HEP project for the
2030’s is a good idea. Should be smaller and lower cost.

> Plasma accelerators reduce acceleration lengths by
factor 100 — 1000. Excellent candidate plan B technology.

> Plasma accelerators: potential for novel ultra-compact
FEL’s, radiation sources, medical imaging (ultra-fast).

> Plasma accelerators not fundamentally limited. Problems

are difficult but of technical nature.
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Our mission: The compact accelerator for high power
physicists!

P

N T o 4l ey~ T ¥
N o -~y - - - .
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... for high power physicists!

The size of the
accelerator
structure is correct,
but we want to
place a plasma
accelerator
structure there with
10 GeV
acceleration!
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Conclusions — Europe

> Europe: Increased investments in novel accelerator
R&D. Accelerator R&D in Germany recognized as

independent research area. Conventional and novel acc.
R&D together. HEP and photon science acc. R&D together.

> Europe: =15 significant projects in plasma acceleration.
EuroNNAc: exchange info, develop common plans.

> Right time is now to spend time and efforts on developing
plasma accelerator technology to user readiness.

> Efforts on grouping our European efforts: EUPRAXIA
proposal, CILEX, Helmholtz Distributed ARD Test Facility, ...

> We hope that our efforts will be flanked by strengthened
US efforts on accelerator R&D. It will pay off for US

science and for all of us.
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CILEX Project, Plateau de Saclay, France

> The big French project.

> Laser: APOLLON, 150J / 15fs, 1 shot/
min, 5-10 PW , 1023 W/cm? plus satellite

lasers.

> 450 m? experimental area for plasma
acceleration of e. Possibility to extend
into 200m long acc. tunnel.

E L A L”L Lasswik SSLEIL d@ /\

C . il
g | % . ‘v\\z \ :‘ AN
v-f
" x Ay
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X-5 Project at LOA, France

> Salle Jaune Laser: 70 TW, repetition Laboratoire d'optique appliquée
rate 10 Hz, pulse duration of 30 fs . Ml .

> Goals: Victor Malka il
Researcher at CNRS and Lecturer
= Exploration of new laser plasma accelerator An excellence grant for LOA.
blueprints for the production of electron
beams and very strong peak point currents.

= These electron beams will be used in a
variety of domains, including life science
and materials science.

= They will also be used to study the blueprint
of compact free electron lasers (FEL) for the
production of intense X and XUV beams.

Victor Malka, a CNRS researcher and lecturer in the physics
department at X, works at ENSTA, in a team that he set up in 2001 to

European

study laser-plasma rticle acceleration. In July 2008, he was
Research y R P y

awarded a grant by the European Research Council of 2.2 million
Council

euros. The grant was awarded in two categories: junior and senior. It
was in the second category that he was rewarded for his many
scientific works and for his ability to create new fields of research.

/ T
N DESY
Aflr Compression: ann | Accelerator R&D HEPAP Subpanel | 29.8.2014 | Page 57 ol ‘\
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COXINEL Project at SOLEIL, France

> COXINEL: COherent Xray source I[Nferred from
Electrons accelerated by Laser.

> Leader: Marie-Emmanuelle Couprie, SOLEIL

> (Goals:

= COXINEL aims to demonstrate that, by using laser acceleration, it
is possible to obtain the free-electron laser (FEL) amplification
needed to develop more compact light sources.

= FEL are the first tunable X-ray lasers and the most intense light
sources in the X-ray energy domain.

= COXINEL benefits from a very favorable environment at SOLEIL
and more widely on the Paris-Saclay campus, particularly in
terms of engineering, to turn the ideas and theories that physicists
have devised into reality.

> Closely connected to project X-5 in LOA.

European
Research
Council
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G. Mourou

Coherent
Figure 1| Principle of a coherent amplifier network. An initial pulse from a seed laser (1) is stretched Amplification
(2), and split into many fibre channels (3). Each channel is amplified in several stages, with the final Network

stages producing pulses of ~1mJ at a high repetition rate (4). All the channels are combined coherently,
compressed (5) and focused (6) to produce a pulse with an energy of >10 ] at a repetition rate of

~10 kHz (7).

The future is fibre accelerators

Gerard Mourou, Bill Brocklesby, Toshiki Tajima and Jens Limpert

Could massive arrays of thousands of fibre lasers be the driving force behind next-generation particle
accelerators? The International Coherent Amplification Network project believes so and is currently

performing a feasibility study.
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SPARC LAB, Frascati, Italy

Electron beam: 150 MeV, multi-bunch, bunch
length below 300 fs, 200 pC, 1 um norm.
emittance

FLAME laser: Ti:Sa, chirped pulse amplification
(CPA), 200 TW, 25 fs long, 10 Hz repetition
rate, wavelength 800 nm

SPARC LAB is a multi-purpose user facility.
Incudes experiments on laser- and beam-driven
plasma wakefield acceleration
experiments. See example

of laser-generated electrons.

Comb project is unique:
resonant beam driven
plasma wakefields.
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LUND Laser Center, Sweden

> Well established lab, since 1992.

> Laser: 60 TW + 5 TW + 3 TW (three separate
compressors). Emphasis on:

= Stability (pulse-to-pulse)

Reliability (day-to-day)

|3 ,; ' b y L ‘

f 3 ‘ ; »\ 4 :\7‘ '

J TN e /) # \1 -
T -‘..-,:"'H 4

C.G. Wahlist

Contrast (ex. plasma mirrors) ’ Oem

Beam pointing (active control) X-rays

Wavefront (adaptive optics) Protons

> Limited by manpower.

Electrons
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ELI Beamlines, Czech republic

> Laser: 10-15 fs duration, up to 10 PW.
End stage: a few kdJ in 15 fs (~200 PW)
with low repetition rate (minute based).

> Might be the big player in some years.

> New techniques for medical image- fais 8.
display and diagnostics, radiotherapy,
tools for new materials developing and
testing, latest in X-ray optics, etc.

> Laser-accelerated, versatile electron
and proton/ion source emitting in an
unprecedented energy range (1 GeV to
100 GeV). Provide a major contribution
for the development of future high-
quality and low-cost proton sources for
cancer therapy.

Ul

beamlines

DESY
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AWAKE experiment, CERN

> International collaboration with approved
experiment at CERN beam.

> Driver: 450 GeV proton bunch, 1e11, 3.5um
emittance, bunch length >> plasma
wavelength

> Modulation experiment: A. Caldwell

CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN

= The first parts of the proton bunch
induce a plasma wakefield that
starts self-modulating the later
parts of the bunches.

= Microbunching starts happening:
1) Protons at focusing regions survive.
2) Protons at defocusing regions get
lost.

= Surviving microbunches induce wake-
fields.

= Accelerate injected electrons from
several 10 MeV to GeV. Ralph ABmann | Accelerator R&D HEPAP Subpanel | 29.8.2014 | Page 63
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CALA Project, Munich, Germany

> Builds on expertise at MPQ and LMU.

> Successful in laser-driven generation of electron beams.
See example with MPQ lasers.

> Ongoing: 63 M€ investment.

Financed by State Bavaria S. Karsch [

and Germany_ e-beams from gas cell: 600 MeV, 200 pC:
l” ... allows LUX experiments into water window

>

> CALA completion:
2015... sooniev

‘“’"Mev T .‘criéirgi,li%é?! 1IRTIH ‘éi'ilgi!ig#i‘l'm:i

| |
[ 1111 ‘ |

300pC [t
.
200pC |8

100pC
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Strathclyde in UK/Scotland

> SCAPA = Scottish Centre for the Application of Plasma-
based Accelerators

> LWEFA for generation of particle beams (electrons, protons,
neutrons and light ions) and radiation pulses (THz, infra-
red, X-rays and gamma rays).

> Experimental and theoretical research into
high-power laser-plasma interactions.

> ALPHA-X Project: A Laser Wakefield Accelerator
Dedicated to the Production and Application of
Ultra-short Electron Bunches and Radiation
Pulses. B. Hidding Z.M. Sheng
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STFC — CLF and John Adams Institute in UK

> STFC Central Laser Facility used
also for LWFA.

> John Adams Institute: Imperial
College London, Oxford University,
Royal Holloway, University of
London.

> Plasma accelerators and novel sources of coherent x-rays. LWFA, narrow
energy spread. Resonant LWFA. Medical imaging.

> Training of accelerator specialists, also in advanced methods.

i SN ~ o
m“;] i
. i R. Walczak
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Cockcroft Institute and CLARA Project

> Cockcroft Institute: Universities of Lancaster, Liverpool and Manchester,
the Science and Technology Facilities Council (STFC at the Daresbury
and Rutherford Appleton Laboratories), North West Development Agency
(NWDA).

> Ultra-short pulse generation. FEL design and industrial applications 2>
CLARA project. Plasma acceleration.

> Training. . s
A S Te C ° diamond $> ‘ A" for Acceterator science g‘tv;;ﬁ;fclyde
i vay MANCHESTER @

Ll
Royal Holloway LANCASTER JIl @ — B&kg UN!'VERSITY OF ) "
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> Laser: Ti:Sa 200 TW, 25 fs pulse length, 5 Hz repetition rate

> Beams:

Plasma Acceleration at Hamburg: LAOLA ‘

= Initially: Laser-driven wakefields in REGAE. LUX exp. towards FEL.
= Later: Move to SINBAD facility.

F. Griiner

A. Maier

= REGAE: 5 MeV, fC, 7 fs bunch length, 50 Hz

= FLASH: 1.25 GeV, 20 -500 pC,20-200fs FLASHForwards»
bunch length, 10 Hz.

Beam-driven plasma wakefields. Beam-driven
plasma wakefields with shaped beams and
innovative injection methods. Helmholtz VI with UK collaboration.

= PITZ: 25 MeV, 100 pC, 20 ps bunch length, 10 Hz.
Beam modulation experiment in a plasma cell,
preparation to CERN experiment AWAKE

.'! St
\ ‘\

= Future SINBAD: 100 MeV, 0.01 — 3 pC, down PR
to 10 fs bunch length, 10 — 1000 Hz . Stephan
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Compact Atto-
Second Light

Source
50 as, ICS

ERC Synergy
Grant 14 M€,
DESY, Uni HH,
Arizona

European Research Council

Established by the European Commission

P. Fromme F. Kértner

L\
R. Assmann H. Chapman

BPIERE

DESY Accelerator Research and Development (ARD)
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RF Infra-

structure

Modulators, Klystrons,

Timing
Synchro-

Laser Lab
Sufficient up to 1 PW
or 3 times 200 TW

nization
Feedback

Area: 170 m*
/mx24m

Ultrashort

electron puise
< 1 fs with conven-
tional technology

ARD, DESY, Uni

Area: 200 m*
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Several levels Several levels possible

possible

HH, KIT

Footprint: 90 m x 5 m
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Develop ability to use plasma

acceleration, scalabllity
> 1 GeV/m, useable beam quality, FEL?

LAOLA, ARD, DESY, Uni HH

Room for
further phases

' and users

Third party
funding, interest
from ELI, ...

L
DESY
e



